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PREVIOUS INVESTIGATIONS OF THE EFFECTS OF THE REMOVAL OF 
FOOD RESERVES FROM SEEDS. | 


The effects of the removal or suppression of portions of the food 
reserves of the seed upon germination and upon the subsequent 


_ growth and development of the plant have been investigated exten- 


sively. Following is a brief account of some of the experiments that 
are more or less analogous to those reported in this bulletin. 

Sachs (5)? was perhaps the first to germinate embryos of maize 
detached from the endosperm. They developed dwarf plants that 
soon perished. ‘These germinations were made during the course of 
investigations upon the processes of germination, and there seems to 


have been no attempt to extend the experiments beyond the early 


stages of growth. ; 

Van eee (8) reports that in an experiment in which he dis- 
sected the plumule, the radicle, and the cotyledons out of seeds of 
Helianthus annuus, he found that these fundamental organs not only 
were capable of independent growth but each was capable of regener- 
ating the other two and developing pertect plants. In somewhat 


1 The writer acknowledges his Haan teanees to J. M ieee an H. Ss. Gaon of the Office of Cereal 
Investigations, for aid in conducting these eepiiriiehts: 
2 The serial numbers (italic) in parentheses refer to “‘ Literature cited,’’ at the end of this bulletin. 
67250°—22—Bull. 1011——1 
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similar experiments with maize embryos from which the plumules 
had been dissected, he succeeded in obtaining an extensive develop- 
ment of adventitious roots, but without the appearance of chloro- 
phyll in the scutellum and without any extension of that organ or 
the formation of adventitious buds. Plants more than a month old 
showed an excellent system of roots but were without stem or leaves. 
The isolated scutellum was incapable of independent growth. 

_ Blociszewski (2), in experiments with maize, rye, oats, clover, peas, 
and lupines, found the isolated cotyledons were capable of inde- 
pendent growth but formed only roots. Only that portion of the 
cotyledon to which the embryonic plant had been attached formed 
roots. Plants from isolated embryos were weak in the early stages 
of growth, but developed normally as soon as favorable conditions 
prevailed and were scarcely distinguishable from. plants from entire 
seeds. 

Wollny (9) conducted both laboratory and field experiments with 
peas, vetches, and rye. The field experiments are of special interest 
because they were conducted under ordinary agricultural conditions 
and were carried through to the maturity of the plants. He found 
that the removal of one-third to two-thirds of the cotyledons or.- 
endosperm of the seeds decreased the growth and yield of the plants. 
The reduction in growth and in yield was in direct proportion to the 
amount of food reserves removed from the seeds. 

Stingl (6), working with rye, wheat, oats, and barley, found that 
the isolated embryos did not develop into normal plants. Artificially 
nourished embryos generaily-did not develop so well as plants grown 
from normal seeds. In general, oat endosperms used as nutriment for 
rye, wheat, and barley embryos exercised an unfavorable influence, 
whereas in no instance was a like unfavorable influence observed 
when oat embryos were nourished with endosperms of rye, wheat, 
and barley. 

Delassus (3), “experimenting with beans, vetch, and lupines, from 
which he removed various proportions of the cotyledons, obtained 
‘results similar to those of Wollny. The height of plants, the num- 
' ber and dimensions of the leaves, the number of flowers per foot of 

vine, and the number and size of fruits were all reduced. The disease 
resistance was lessened. aot 

Dubard and Urbain (4) concluded from their experiments with 
the castor bean, maize, beans, and carrot. that the albumen is never 
indispensable to the development of the young plant. Nevertheless, 
the influence of the albumen is favorable and appears to be particu- 
larly useful during the first days of germination. 

Urbain (7) describes in detail experiments with Ricinus, Nigella, 
and Papaver and states that other experiments with maize and oats 
gave analogous results. He summarizes the effects of suppressing 
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the food reserves of the seed as follows: (a) Dwarfing the plants; 
(6) causing very apparent morphological modifications in the leaves; 
(c) causing a precocious but sparse flowering, in some instances the 
only flowering, in others followed by a second flowering at the normal 
period; and (d) causing frequent sexual anomalies in the course of 
the first flowering. 

Andronescu (1) conducted experiments with maize in the labora- 
tory and in the field. In the laboratory he dissected out the em- 
bryos, detaching them from the scutella, and succeeded in germi- 
nating them upon various nutrient solutions. He found that “the 
stem produced was the expansion of the mesocotyl and the elongation 
of the plumule sheath. One principal and two secondary roots, very 
poorly developed, were produced. In no case was the plumule able 
to split its sheath.” > 

In the field experiments the embryos ¥ were not detached from the 
scutella and the plants were grown to maturity. The stalks from 
the embryos were shorter, of smaller diameter, and of fewer inter- 
nodes than the stalks from the entire seeds. In general, the ears of 
the stalks from embryos were borne at lower nodes than the ears of 
the stalks from entire seeds. The ears from both the control and the 
test plants were imperfectly developed because of unfavorable weather 
during the growing season. No comparison of yield is shown. 

The experiments that have been reviewed have dealt principally 
with plants other than corn; they have been conducted largely in 
the laboratory or greenhouse and frequently have not extended to 
the maturity of the plants. In some of the experiments the seed has 
been sown in the greenhouse and the plants later transferred to the 
field. These experiments would not be. entirely representative of 
field conditions. In those that have been conducted under field con- 
ditions, corn either has not been among the species worked with or 
where it has been included the data obtained are incomplete. 


EXPERIMENTS ON THE EFFECTS OF MUTILATION OF THE SEED COATS 
_ AND ENDOSPERMS. 


The experiments reported in this bulletin, with the exception of 
those on the effect of mutilation of the embryo, were entirely under 
field conditions. The purpose was to determine the effects upon 
growth and productiveness that may be expected in a general way 
to result from the use of seed which from various causes is deficient 
in food reserves. These experiments are of additional interest be- 
cause of the data they furnish upon the influence of the physiological 
condition of the seed in predetermining the subsequent development 
of the plant.’ 


3 This subject has been interestingly discussed and reviewed by Kidd and West, Physiological Predeter- 
mination, in Annals of Applied Biology, v. 5 and 6, 1918, 1919. 
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In 1917 the experiments were dna at the United States Ex- 
periment Farm, San Antonio, Tex., the Giles Farm, Waco, Tex., and 
the Yarrow Plant Intreducuan Field Station, Roe al: Mad. ati 1918 
at the Rockville station; in 1919 at the Rockville station and at the 
Arlington Experimental Farm, Rosslyn, Va., near Washington, D. C. 


PREPARATION OF THE SEEDS. 


_ The preparation of the seeds used_in the experiments conducted 
during the period from 1917 to 1919 was as follows: Four lots of seed 
were-composited from four ears of United States Selection No. 119, 
a white dent variety, in such a manner that each ear was represented 
in the same proportions in each of the four lots. One lot received no 
injuries and was the “entire seed”’ or ‘‘check’’ (PI. I, fig. 1), of the 
experiments. In the second lot (eis fig. 2), the seed coats, or hulls, 
were entirely removed. In the thos lot (PE. fic. 3). the crowns 
were cut off and as much of the soft starch meg ved as could be done 
without breaking the kernels. The hulls were not removed except 
the portion cut away with the crown. In the fourth lot (PI. I, fig. 4), 
the entire endosperm was removed, leaving the isolated germ. The 
germ in the sense used in this article is the combined scutellum and 


embryo. The same methods of preparing the seed were followed each. 


year. The different classes, for convenience in discussion, are termed 
check, dehulled, starchless, and germs. 3 


PLAN OF THE EXPERIMENTS. 


The plan of planting was the same each year and at all places. 
The following list shows the arrangement of the rows and the kind 
of seed planted in each row: 


Row No. Guard, United States Selection No. 119. 
. Entire seed. 
. Hulls removed,-: dehulled. 
.' Hulls removed, dehulled. 
. Entire seed, check. 
. Soft starch removed, starchless. 
. Soft starch removed, starchless. 
. Entire seed, check. 
9. Endosperm removed, germs. - 
10. Endosperm removed, germs. 
11. Entire seed, check. 
12. Guard, United States Selection No. 119. 


CON HD Ore OW FE 


The distance between rows and between hills in the row was 3.3 
feet except at San Antonio, where the distance was # feet and 3.5 
feet, respectively. The number of hills in each row varied from 22 to 
25. The rate of seeding was four kernels to the hill, and the stands 
were thinned to two plants. No fertilizers were used. 
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In harvesting, the stalks and suckers in each row were counted 
and the numbers recorded. The approximate average height of 
plants in each row was recorded. Each row was harvested sepa- 
rately and the ears weighed, counted, and classified into good and 
poor. If there appeared to be significant differences in moisture 
content the total product of each row was dried and the compared 
yields were based upon the dry weights. The plats were harvested 
from 140 to 155 days after planting. 


EXPERIMENTAL DATA ON THE EFFECTS OF THE MUTILATION OF THE 
SEED COATS AND ENDOSPERMS. 


The data presented in tabular form are dates of planting, emergence, 
and harvesting; ratio of actual stand to the possible stand three 
weeks after seeding; number of days from emergence to the first 
pollen shedding; number of plants per row when harvested; total 
and average weight of ears; total number of ears; average number of 
ears; and yield and corrected yield for each plant. 

The corrected yield of a row was calculated by the formula X = AB 
+ Y,in which A is the actual yield of the row, B the average yield of 
all the check rows; Y the computed check yield for the row, and X 
the corrected yield of the row. In computing check yields for each 
row, the difference between the yields of two adjacent checks is 
divided by the number of intervening rows plus one and this quantity 
added to or subtracted from the yield of the successive checks as 


computed. 
SAN ANTONIO EXPERIMENT. 


The data from the San Antonio experiment are incomplete because 

of the effect of a long drought. Plantings were made on May legs 
This late planting was necessary because the soil moisture previous to 
that date was not sufficient to insure the germination of the seed. 
The germination was rapid and uniform. Perfect stands were re- 
corded on May 24 from the check seed and the starchless seed, but in 
the rows from dehulled seed and from germs there were a number 
of missing hills. 
_ No differences were observed in the size and vigor of the seedlings 
from the check and the starchless seed. Those from the dehulled 
seed were smaller and less vigorous than the checks. Those from the 
germs were the smallest and least vigorous; they remained smaller 
than the other lots for several weeks, but at harvest were not notice- 
ably smaller. Theplants from the dehulled seed at maturity aver- 
aged slightly taller than the check. 

The date of pollen shedding was the same for the four lots, begin- 
ning 52 days after the plants had emerged. There apparently were 
no differences in the time of ripening, probably differences that may 
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have existed in this respect being concealed by the effects of the 
drought. Although the plants made a fair growth, attaining a 
height of 6 to 10 feet, they failed to produce ears, and no data upon 
yields could be obtained. 


WACO EXPERIMENTS. 


The results obtained at Waco, Tex., presented in Table I, show that 
the stands three weeks after alt ae varied from 56 per cent of a 
perfect stand for the dehulled class to 98 per cent of a perfect stand 
for the check.. Plants grown from the dehulled seed and from the 
germs averaged two days later than the check in date of first pollen 
shedding. Differences in time of ripening were not apparent. Drought. 
sufficiently severe to reduce yields 50 per cent prevailed and may 
have prevented differences in maturity from becoming evident. In 
height of plants.at maturity the check and starchless classes aver- 
aged the same, while the dehulled and the germ classes were slightly 
shorter than the check. The weight of ears from the mutilated lots 
is less than from the checks and the number of ears to the plant 
less except in the dehulled class. The differences in yield per plant 
are small but seem directly attributable to the mutilation of the seed. _ 


ROCKVILLE EXPERIMENTS. 


The results obtained at the Yarrow Plant Introduction Field 
Station, Rockville, Md., in 1917, presented in Table I, show that the 
stands two weeks after planting varied from 44 per cent of a perfect 
stand from the dehulled seed to 91 per cent of a perfect stand from 
the check seed. The number of days from emergence to pollen 
shedding and the dates of ripening indicate that the development of 
the plants was retarded by the injuries to the seed. In Height of 
plants, the dehulled and germ classes were shorter than the check and 
the starchless slightly taller: The average weight of ears from the 
mutilated seed is less than from the check in every comparison. The 
number of ears to the plant is greater in the mutilated classes than in 
-the ‘adjacent checks, with one exception. The average yields for 
. each plant show reductions with but one exception, where one row 
from the germ class slightly outyielded the adjacent check row. 
The relative height of the plants from germs and those from entire 
seeds six weeks ste emergence are soos: in Plate II. 
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Taste I.—JData from the seed-mutilation expervments at Waco, Tex., Rockville, Md., 
and Rosslyn, Va., in 1917, 1918, and 1919. 
| Time Ears harvested. 
jeanIG of} from NG ye ae ea 
-actualto! emerg- ee A pounds 
Locality and seed ‘possible ence to lof plan Weight (pounds). Number. 
planted. | stand |shedding| at pe ert 
| (per of first vest. Per As har- Correct- 
cent). | pollen Total. |Average.| Total. | jj,5;. | vested, | °4to 
(days). Dee Mesut check 
At Waco, Tex., in 
‘1917:@ 
Whecke pees en 98 78 39 8| 0.210 38| 0.976] 0.205 0. 180 
DIMES oo ac use Soke Ba gacgsse ne Ger dese loddegeeed| peeeeeralasedrc sed econdeeee |seuschocc Samara se 
DOs esas 56 80 33 6 . 182 33 1. 000 . 182 . 170 
Ghecks- 3.453 =< 97 78 48 9 191 47 . 980 |. 187 . 180 
Starchless..-.... 95 78 38 6 . 167 36 . 948 MLD Sule Reve cane 
Do.. aise 93 78 44 6 eaLialt 35 . 196 - . 136 c, 148 
Check: escccee2 99 78 49 9 . 209 43 . 878 . 184 . 180 
GenMS sues 57 80 42 5 | . 147 34 . 810 SLO Seve See ce 
Do sees: 63 80 36 5 | siGi Bid\ 14 862) | eereigor li seal 
@heckt cee eee 99 78 48 7 . 167 42 . 876 . 146 . 180 
At Rockville, Md., 
in 1917:d 
Checker ieee 88 64 49 Sh ff . 614 55 1.121 - 689 . 614 
Dehulled....... 45 69 29 17.5 . 590 35 1. 206 OWA SS aes Sa 
Dosesbtaue 43 68 25 15.5 - 517 30 1.154 . 620 c, 576 
Check... Re eo 95 63 45 28. 0 . 667 42 . 934 . 622 .614 
Starchless...... 79 65 43 17.0 - 318 45 1.046 OOO E SA ae 
1D Yo aae yee ie 79 65 47 18.0 . 464 39 . 830 . 383 €, 445 
Check se scenis 91 60 39 17.7 - 680 26 - 667 . 454 614 
(Ge@rEMSsee ocean aee 67 66 39 20. 7 - 543 38 . 974 Ooi aaa Ee 
DO so saccie 51 66 46 18.6 .AT4 38 . 826 . 391 ¢, 504 
Checkysa5.25.- 91 60 45 31.0 . 586 53 Me ateg . 689 .614 
At Rockville, Ma., | : 
in 19P8se  - 
Chech/ 22 os% <2: Ol aes er ADs | sate oie | GR Bet ed ire Sepa Peer en on Ree ret eae te St 
Dehulled....--- MS Bee cock 48 19. 0 - 453 42 . 875 SOOM ES =e cere 
Dorstaseeck (@\lpeseasdes 45 15.5 - 443 35 . 778 . 345 c, 384 
@heckn- 22. oss. US Daas eae 45 21.5 .615 35 . 778 478 . 516 
Starchless.....- Ubi Ge saeeoae 48 20.0 . 540 37 . 770 Al ale c2e tees 
SD Ole 5 a Oi Ritee ane 50 25. 0 | . 569 44 . 880 . 500 c, 489 
Check bye = Oe Se ee 43 21.0 . 568 37 . 860 . 489 . 516 
Germs! 22e-=< Some Seisee sors 42, 16.5 - 485 34 . 810 SOBs Geewaeeae 
IDihseeicacese py) Sa Se eee 45 18.5 . 440 42 . 934 411 c, 402 
REG ee etree ae OF Rae s heres 44 25. 5 . 067 45 1.023 . 080 516 
At Rosslyn, Va.,in 
1919:9 
Checks eae Se hk 2 65 48 47.7 . 994 48 1. 000 . 994 . 976 
Wehullede ees caves 68 46 41.1 . 857 48 1. 043 sitet | eee eae 
IDXOS 28 es oe |e Se eee 68 48 39. 0 « 780 50 1.041 . 813 ce, 898 
Cheek ee ioe ee 66 48 41.3 . 844 49 1,021 . 860 . 976 
Sbanchlesseee calesecis ee). 66 46 43.1 . 918 47 1. 021 BOSS Maye arn 
DO ee. ote) ae 66 49 39. 4 . 838 47 . 960 . 804 c, 913 
Cite | 66 47| 47.2] 1926 51 |  1.085| 1.005 976 
Germss sg rs ie | 69 47 41,8 . 836 50} 1.065 S800 ees 
DOM eeee cee le nicee ee 69 46 40.0 870 46 | 1. 000 . 870 C, 837 
Ohreck ee ae Seek 66 44 46.0 | = Was 976 


Oc 
He 
Oo 


1.045 


AVERAGES OF DATA FROM 


> Time’ from | 
emergence | Number | Weight 
to shed- | of ears per per ear 
Class of seed. ding of first; plant. | (pounds). 
pollen | 
(days). 
NECKS eee meme. UA) oy 68 0. 961 | 0. 585 
ereinllediana weer. ceo tS 72 1,012 . 485 
Stee Messe seers FS adhe ve 70 - 906 - 506 
RCLIISae eee | 72 | - 910 | . 495 | 


Waco, ROCKVILLE, AND ROSSLYN, 1917-1919. 


Yield per plant 
(pounds). Yield per 
acre 
(bushels).” 
Ss Corrected FE 
harvested. | to check. 
0. 571 0. 572 Diets 
504 | 506 50. 6 
. 466 | 497 49, 7 
. 468 | . 467 46.7 


a Seed planted Mar. 14, Lae emerged Mar. 24, harvested Aug. 13, 1917. 


» Stand destroyed by rodents. 
e Average ofthe corrected yields of two rows. 


@ Seed planted May 18, plants emerged May 28, harvested Nov. 1, 1917. 
¢ Planted June 6, plants emerged June 12, harvested Novy. 5and 6, 1918. 


? Through an error this row was not har vested. 


9 Seed planted May 17, plants emerged May 27, harvested Oct. 6, 1919. 
h Calculated on the basis of a stand of 7,000 plants per acre and 70 pounds of ears per bushel. 
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In 1918 the experiment was repeated at the field station at Rock- 
ville, Md. The results, presented in Table I, show that the field 
stands two weeks after planting varied from 75 per cent of a perfect 
stand for the dehulled seed to 98 per cent for the check. No data were 
obtained on the time of pollen shedding, but judged from the moisture 
content of the ears at harvest the mutilation of the seed had retarded 
the maturity of the plant. The height of plants at maturity could 
not be correlated with the treatment of the seed. .The average weight 
of ears in the mutilated classes was less than in the adjacent checks 
with one exception. The number of ears to the plant and the average 
yield for each plant were less than in the adj acent checks in most of 
the comparisons. 

The experimental plantings at the Yarrow Plant Introduction 
Field Station in 1919 were destroyed by floods shor tly after planting. 


ARLINGTON EXPERIMENT. 


The data obtained in the experiment at the Arlington Experimental 
Farm in 1919, presented in Table I, show that good stands were obtain- 
ed. No counts were made, however, preceding the thinning. The 
dates of first pollen shedding were later in the mutilated-seed classes _ 
than in the check. The time of ripening did not appear to be mate- 
rially affected. The general height of plants of the different lots at 
maturity did not noticeably differ. The weight of ears in the muti- 
lated seed classes was less than from the adjacent checks except in 
one case. In number of ears to the plant, the dehulled class exceeded 
the adjacent checks in both comparisons, the starchless tied the check 
in one instance and was less in the other, and the germs were less than 
the checks in both cases. In average yield to the plant the muti- 
lated classes were less than the adjacent checks with one exception. 


EXPERIMENTS ON THE EFFECTS OF THE MUTILATION OF THE GERMS 


In the experiments conducted in 1920 at the Arlington Experi- 
mental Farm the germs as well as the endosperms were mutilated. 
The seeds were cut into longitudinal and transverse sections. The 
_longitudinal sections were made by cutting through from the germ 
side to the back of the kernel, dividing it approximately into halves 
(Pl. III, fig. 2); the cross sections were cut transversely to the long 
axis of the embryo, dividing the kernel into crown and tip portions. 
The crown portion contained much of the endosperm, part of the 
scutellum, and a small portion of the plumule (PI. III, fig. 4); the 
tip contained a smaller amount of the endosperm, part of the scutellum, 
all of the radicle, and a portion of the plumule CPT EE ae. o 

Preliminary investigations conducted in the iubetateey were con- 
fined to germination tests and to observations during a short period 
of the early growth of the plants. In the field experiments, the 
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sectioned seeds and a third class, in which the germs were cut out and 
then replaced in the same kernels (PI. III, fig. 1), were sown on fertile - 
uniform soil and the plants grown to maturity in comparison with 
plants from entire seeds. 


GERMINATION OF THE MUTILATED GERMS. 


Two varieties of corn were used, United States Selection No. 230, 
a broad-kerneled yellow dent, and United States Selection No. 119, 
-a smaller kerneled white dent. The germination tests were made in 
both sand and water germinators, but as the results from both were 
7 substantially the same only those made in sand are treated in detail. 
Of the yellow variety 38 kernels were sectioned longitudinally through 
endosperm and embryo, 39 kernels were cross-sectioned through 
endosperm and embryo, and 38 entire kernels were used as check seed. 
In the white variety 33 kernels were sectioned longitudinally, 25 were 
cross-sectioned, and 38 entire seeds were used as checks. In both 
the yellow and the white varieties the different classes of seed came 
from the same ear. | 

On February 1 the seeds were placed in a sand germinator and kept 
under favorable temperature and moisture conditions. Data obtained 


10 days later on the plumule and root development are presented in 
Table II. 


TaBLE II.—Data on the germination and the plumule and root development from entire 
and sectioned corn seeds at the Corn Laboratory, at Washington, D. C., in 1920. 


Sections showing the development indicated. 


Entire seeds. Cross sections. 


k Longitudinal 
Variety. : : sections. 


Tip portions. |Crown portions. 


Num- Per | Num- Per Num- Per Num- Per 
ber. cent. ber. cent. ber. cent. ber. cent. 
| United States Selection No. 230: 
ARGIGU GBS ie ot pe me i oe Soilless CGH ee oe O) ier ei se Bh! ie eaeea sc 
Germimabiones 5. ees =i ssc Sete Gosh eis 2: LOOM AEA S22 een ie G4 One ei eee 0 
Plhimule and roots— e 
Development G00). 2.:0 4.22.\ee2 e525. Bish es oe PRA RRR Th 48.7 15 38.5 OM ae 
ae Developmentaweak 20 Mw c|ser 5. Selaceek Ae | 8 10.5 4 10. 2 (a [anata 
Plumule, no development; roots, | ; 
LIFE EVeLOpMeniwtine = 52 452-se eee So | aan es 22 29.0 6 15.4 OR et anes 
Plumule and roots, no develop- te 
ment: 22 5: DOS ses Gi eae Baretta ee | 9 11.8 14 35.9 39 100 
United States Selection No. 119: 
PRO Gales ee ee ae Sool eee ae (s{o als esis PAT SB e Ree 201 ee eee 
GeLnniina hom sews so a vee ee S28 le UPeeilOOn ee yaet MCSA ee Geek 9220) aaah dee 0 
Plumule and roots— | 
Development good........--- seca deal ec eB 50 75.8 20 SONOs|E see Jae ee 
Development weak........-- ee te ee eae pe 5 Festal [eu eee pina sete ifs aa 
Plumule, no development; roots, 
farmdevelopment.- 20. .jge:2 .22 G22 a= = ole oes RE Pere Gate 3 UPAR Oe eras Reve Pe epee 2 
Plumule and roots, no develop- | ; | 
TAG Toc Se td Je SSE Seas Seer eae ee Pee creer vente 11 16.6 2 8.0 25 | 100 
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The use of the term ‘good development” in Table II is entirely 
relative; in no instance were the plumules and roots from the sections 
equal in growth and vigor to those from the entire seeds.- The 
coleoptiles and first leaves had a torn and ragged appearance, as a 
result of the mutilation of the seeds. There was no development of 
the plumule from the crown sections, but in some there were indica- 


tions of growth or viability in the Sierra tips contained in these 


sections, there was a slight swelling of the tissues and a tendency to 
turn yellowish green in color. This attempt to grow could not, or at 
least did not, persist long enough to lead to any development ef the 
plumule or to show any tendency toward a regeneration of the roots. 

Similarly, in the tip sections that showed no plumule but a fair 
development of the root system there did not appear to be any 
tendency toward a regeneration of the plumule. In the longitudinal 
_ sectioning of the on portions of the plumule and of the radicle 
were left in each section. In the laboratory 45 seedlings showing 
plumule and root development were obtained from 38 seeds sectioned 
longitudinally in one variety and 55 seedlings showing plumule and 
root development from 33 seeds in another variety. This is not 
brought out in Table II, as the percentages are based on the total 
number of sections and not on the total number of seeds. 


GROWTH AND SEED PRODUCTION OF THE MUTILATED GERMS. 


Two varieties were used in the field experiments, United States 
Selection No. 182, a white dent variety, requiring about 130 to 140 
days to ripen, and United States Selection No. 193, a yellow flint 

variety, requiring about 110 to 120 days to ripen. On May 12 entire 
kernels, longitudinal sections, cross sections, and kernels out of 
which the germs had been ‘cut and then replaced in the same kernels 
were sown at the Arlington Experimental Farm, Rosslyn, Va. The 
injured classes were sown thickly, 15 to 20 sections to a hill. The 


crown and tip portions of the cross sections were not separated, but — 


in view of the results obtained in the laboratory it-seems certain that 
the plants in this class grew from the tip portions. The data.obtained 
on the field experiments are shown in Table III. | 

In United States Selection No. 182 the plants from the longitudinal 


half-sections were slightly higher in average production to the - 


plant, weight of ear, and number of ears to the plant than the plants 


grown from the entire seeds; the plants from the other two classes - 


of injured seed were inferior to those from entire seeds. The plants 
from the cross sections were the least thrifty and were lowest in 
productiveness, weight of ear, and number of ears to the plant. 


11 


CORN. 


DS, OF 


SEL 


- 
0 


MUTILATING THI 


EFFECTS OF 


> 


g 03 fT g 049 
§ 09 $I § 02 9 
€ 04 ET 8 049 
€ 0% FT g 049 
fp 01 € OL 03 6 
S$ 09 € OL 02 6 
‘7 01 € OT 026 
47 01 € OT 01 6 


‘BIOL | ‘SUSI 


“(89J) JYSTOFT 


“O26 ‘TT 1aqoJO poysoArey ‘ZT AVP SUTPOOS Jo 948 ov é 
ZL 01 OT | SOE" COE * 8°¢ 62° CT z 61 Cr SOVIETS SATU | DEO T= |: STN Ole se ae ** (SSOdv) SUOTJOSS J[BH 
GT 04 OT | 829° FE" Z “ST 681 GZ 02 81 -s2ODee 1506 “ATMS OC0L.. | 2SINUOLe 2 SUilOSs podefdoad puw INO YN) 
ZT 01 OT | S6F° 069° 8 "ST OFT 8% &% 02 sz Aime | se Atog | qeot | -sttaor ([BUTPLIAISUOT) SUOTOOS JIB 
FL 0} IT | 69° O¢L° 0°ST CLT &% GE 02 CCe ATS ECG aaa) COOL =e | eSTLUU Ole: tp eee S[OUIOY oT] 
; : ‘JUIY MOTTOA €6T “ON UOT}CoTegG $8879 Pept /) 
9 889° vEL- O'TT 10°T 91 0 CT Vay. Or: solve | PCOT = | aS IRUO I ae aes ee oe (SSO10) SUOTIOOS J[CH 
91 ges’ $26 * 0°21 80°T a) z ra 9 ‘shy |G ‘sny | OZOL | “SITU OL ~~" Sutre8 poveydor pu yno 4H 
91 000 °T OFT 'T 0°9T FIT 9 g a) ¢ ‘shy |% ‘say | qr | SImmOr ({BUIPNYLSU0T) SUOTIVOS JTBH 
91 016 6 000°T 0°02 OUT ae g 02 CenoUNya at Sra ve| BZ0le: | SU Olas meee iene S[eutey 2105 
/ {UEP OFILM ‘ZT “ON TOTDETES soyByg pezTU;) 
d d d a | 
‘ 189 Id “TUT ; "YUey F 6 4 SATIS -pous : 
punols | sseiaay | Jog SIGH rod saga | Oe Teton | SURI erp | wapfodan| te 
oe Cds qSMef ON “AOI A 
sapou jo . ; MOY , 
JEqum S 
‘(spunod) uononpolg *paisoAIsy Joq un Ny —jJo a38q 


oD OG6T UW “DA 


‘uhjssoy ‘Uo JorUaUnweday UopbUYyLp ay) 1D paas pauovjoas pun auyjua woif unosb spunjd usoo fo ppark pun yynosb ay} fo uosiuodiwoj— TIT ATE, 


% 
» 


. 
. 
. 
} 
: 
| 
| 
! 
| 
| 
} 
1 
| 
| 
| 
| 
| 


i2 BULLETIN 1011, U. S. DEPARTMENT OF AGRICULTURE. 


} 


The plants from the mutilated seeds were shorter and weaker in 
appearance than those from the entire seeds during the first six or 


eight weeks of growth. Later, the differences in height largely dis- 


appeared, and when harvested the different lots were approximately 
of the same average height. In general, the plants from the entire 
seeds were the most vigorous throughout the season, although there 
were exceptional plants from the injured seeds that equaled them. 
In United States Selection No. 193 the plants from the injured seeds 
were inferior to the plants from the entire seeds in average production 
to the plant and in average weight of ear but surpassed the check 
plants in number of ears to the plant except those from the ¢ross 


sections, which were inferior in every respect. The number of nodes’ 


above ground was slightly less in the plants an om the te seeds 
than those from the entire seed. 

The data on the yields and prolificacy shown in Table II ines been 
presented as evidence of the extent to which plants from seeds so 
severely mutilated could recover to a condition of normal growth and 
reproduction rather than as a comparison of the productivity of the 


different lots of seed. 
- SUMMARY. 


The effects of the mutilations of the seed coats and endosperms 
may be summarized as follows: 

(1) The stands were less than from the check seed. The poorest 
stands were obtained from the dehulled seed. This was not due to 
decreased viability, but evidently to weakened ability to’ withstand 
field conditions. j 

(2) Seedlings from mutilated seed in general were smaller than 
those from the check seed. The least difference was between the 
starchless class and the check. In some instances the seedlings from 
the two classes were not distinguishable in size and.vigor. Seedlings 
from the dehulled class were noticeably smaller than those from the 
check seed. Seedlings from the germs were much smaller, more 
slender, and had narrower leaves than those from the check seed. 

(3) The height of plants at maturity was not definitely- affected, 
and it bore no consistent relation to the height of the check plants. 

(4) The development of the plants was retarded, pollen shedding 
and ripening, in general, being later than in the check. 

(5) The average number of ears to the plant was reduced. The 

only exception was the dehulled class, which BSeEEUS: the check in 
the general average. 

(6) The average weight of ears and hte yield of the plant were less 
than in the Sek The degree of reduction was fairly consistent 
with the extent of the mutilations. 

(7) The reductions 1 in yleld were equivalent to 7 to 10 bushels to 
the acre. 


D 


EFFECTS OF MUTILATING THE SEEDS OF CORN. 13 

A summary of the results of the experiments with mutilated 
germs follows: 

(1) The entire embryo was not essential to germination and de- 
velopment into normal plants. © 

(2) Normal plants were grown from seeds that had been cut into 
half sections through both the embryo and endosperm. 
(8) In the laboratory 100 seedlings showing plumule and root de- 


velopment were obtained from 71 seeds sectioned longitudinally. 


(4) The tip portions of the cross sections developed complete plants, 
and there was no development from the crown portions. 
(5) There was no regeneration of one organ from another. 


Me riaEs Coke CITED. 


(1) ANDRONEscU, DemeETRIus Ion. 
1920. Germination and further dev elopment of the embryo of Zea mays 
separated from the endosperm. Jn Amer. Jour. Bot., v. 6, no. 10, 
p. 443-452, pl. 41. Literature, p. 451. Se | 
(2) BLociszEWsk!, THADDAUS. 
1876. Physiologische Untersuchungen iiber die Keimung und weitere 
: Entwickelung einiger Samentheile bedecktsamiger Pflanzen. In 
Landw. Jahrb., Bd. 5, p. 145-161. 
(3) DELAssus : 
1911. queues de la suppression partielle des réserves de la graine sur le 
développement de la plante. Jn Compt. Rend. Acad. Sci. [Paris], 
t.-153, no. 26, p. 1494-1497. 
(4) Dusarp, Marce., and Ursatin, J.— 
1913. De Vinfluence de I’ shee sur le développement ae Vembryon. In 
Compt. Rend. Acad. Sci. [Paris], t. 156, no. 14, p. 1086-1089. 
(5) Sacus, JULIUS. 
1862. Zur Keimungsgeschichte der Griser. Jn Bot. Ztg., Jahrg. 20, No. 19, 
p. 145-151, pl. 5. 


(6) STINGL, GEORG. 
1907. Experimentelle Studie iiber die Ernahrung von pflanzlichen Em- 
bryonen. Jn Flora, Bd. 97, Heft 3, p. 308-331. 
(7) Ursatn, J.-A 
| 1913. Modifications morphologiques et anomalies florales consécutives a la 
suppression de l’albumen chez quelques plantes. Jn Compt. Rend. 
Acad. Sci. [Paris], t- 157, no. 10, p. 450452. 
(8) VAN TreGHEM, PHILIPPE. ; 
_ 1873. Recherches physiologiques sur la germination. Jn Ann. Sci. Nat., 
Bot., sér. 5, v. 17, p. 205-224. 
(9) WoLtny, EWALp. 
1886. Untersuchungen iiber die kiinstliche Beeinfilussung der inneren 
Wachsthumsursachen. VII. Der Einfluss des Vorquellens des 
Saatgutes auf die Entwickelung und die Ertrige der Kulturpflanzen. 
In Forsch. Geb. Agr.-Phys., Bd. 8, Heft 5, p. 380-391. 
“14 


ADDITIONAL COPIES 
OF THIS PUBLICATION MAY BE PROCURED FROM 
THE SUPERINTENDENT OF DOCUMENTS 
GOVERNMENT PRINTING OFFICE 
WASHINGTON, D. C. 
AT 


5 CENTS PER COPY 


